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Attention is pivotal to consciousness, perception, cognition, and working memory in all 
mammals, and therefore changes in attention over the lifespan are likely to influence 
development and aging of all of these functions. Due to their evolutionary and devel- 
opmental history, the dog is being recognized as an important species for modeling 
human healthspan, aging and associated diseases. In this study, we investigated the 
normal lifespan development of attentiveness of pet dogs in naturalistic situations, and 
compared the resulting cross-sectional developmental trajectories with data from previous 
studies in humans. We tested a sample of 145 Border collies (6 months to 14 years) with 
humans and objects or food as attention attractors, in order to assess their attentional 
capture, sustained and selective attention, and sensorimotor abilities. Our results reveal 
differences in task relevance in sustained attentional performance when watching a 
human or a moving object, which may be explained by life-long learning processes 
involving such stimuli. During task switching we found that dogs' selective attention 
and sensorimotor abilities showed differences between age groups, with performance 
peaking at middle age. Dogs' sensorimotor abilities showed a quadratic distribution with 
age and were correlated with selective attention performance. Our results support the 
hypothesis that the development and senescence of sensorimotor and attentional control 
may be fundamentally interrelated. Additionally, attentional capture, sustained attention, 
and sensorimotor control developmental trajectories paralleled those found in humans. 
Given that the development of attention is similar across humans and dogs, we propose 
that the same regulatory mechanisms are likely to be present in both species. Finally, this 
cross-sectional study provides the first description of age group changes in attention over 
the lifespan of pet dogs. 
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INTRODUCTION 

One of the most intensely studied cognitive processes in humans 
and animals is attention: the ability to selectively process one aspect 
of the environment over others. Attention is pivotal to percep- 
tion, consciousness and will (Washburn and Taglialatela, 2006). 
In humans the different components of executive control (includ- 
ing attentional control) develop at different ages, and follow a 
quadratic relationship with age over the lifespan; increasing in 
power, speed and complexity from infancy to young adults, and 
declining differentially in old age depending in part on the brain 
areas involved (Craik and Bialystok, 2006). 

Attention has been proposed to consist of multiple compo- 
nents that interact during cognitive functioning (Cornish etal., 
2006). One model, which clearly delineates the separate compo- 
nents of attention, is Sohlberg and Mateer's (2001) hierarchical 
clinical model of attention. The model was originally based on 
the recovery of attentional processes of brain damaged patients 
after coma, and details five components of attention recruited 
in tasks of increasing difficulty: focused, sustained, selective, 



alternating, and divided attention. Each separate component of 
attention has been extensively studied in humans, which has led 
to the discovery of different effects of age on the development 
of attention. For example, age has little influence on orienting 
to a single location (Enns and Cameron, 1987), and adult effi- 
ciency is already reached at 5-7 years of age (Michael et al., 2013). 
There was also little influence of age on simple sustained atten- 
tion measures over short periods (Giambra and Quilter, 1988; 
Berardi etal., 2001). Performance in alternating attention (task 
switching) and selective attention tests depends on an individual's 
level of executive attentional control, and crucially involves active 
inhibition (Cepeda etal, 2001). Both have been found to follow 
a U shaped developmental trajectory in humans, with abilities 
peaking in the 20- to 30-year-old age groups (Cepeda etal, 2001; 
Clark et al., 2006). One other important additional component of 
cognitive development and decline which could affect attentional 
abilities is age-related changes in sensory and motor processes. In 
a cross-sectional lifespan study, Clark et al. (2006) found that two 
measures of sensorimotor abilities of humans followed quadratic 
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age trends, with performance peaking at the 20-39 years middle 
age range. 

Except in humans, rats and some non-human primates, stud- 
ies that incorporate measurements of the separate components 
of attention and sensorimotor control over the lifespan are lack- 
ing in mammals and birds. Since attention is a complex cognitive 
process, and the effect of aging varies with the different aspects 
of attention investigated, comparative lifespan studies can help 
to clarify and confirm the main findings in the human liter- 
ature (Macphail, 1987). Non-human mammals have the same 
general patterns of development and decline of cognitive func- 
tions as humans (Pearce, 2008) and can provide good models 
for the development and aging of specific cognitive domains. 
From previous studies we know that attention operates in non- 
human mammals in much the same way as it does in humans 
(Bio ugh, 2006). However, the few studies on the development of 
attention in non-human mammals provide limited knowledge for 
four reasons: (1) they have focused solely on tests that require 
extensive training amounting to weeks, months, or even years 
of testing: such as selective attention performance and response 
latencies in discrimination learning or matching tests, and thus 
did not attempt to measure the array of components which con- 
stitute attention. (2) Many have failed to provide an adequate 
sensorimotor control. (3) They tested only lab animals, and of 
those, (4) small sample sizes with only few age groups were used 
(Bartusetal, 1979; Presty etal, 1987; Rapp, 1990; Adams etal, 
2000; Schoenbaum etal, 2002). Despite of these limitations, the 
laboratory beagle, on which the majority of studies examining age 
differences in dogs have focused, has been recognized as a use- 
ful animal model, since their measures of learning, memory, and 
executive function decline with age, similarly to humans (Tapp 
etal, 2003). 

On the other hand, the classic paradigms originally developed 
for examining attention in humans have so far rarely been used 
on pet dogs (selective attention: Mongillo etal, 2010; sustained 
attention: Range et al, 2009b), though this would allow for better 
comparisons with humans over the lifespan. Even fewer studies 
have carried out direct comparisons between laboratory dogs and 
humans in tasks involving attention, and their results are not con- 
clusive. For instance, in the study of Boutet etal. (2005), dogs 
showed significant age-dependent deficits, but results from the 
human sample revealed no age effects. 

In contrast to dogs, rodents and primates kept in laboratories, 
pet dogs present useful subjects for several reasons. Pet dogs are not 
only available in a great numbers, but they also share an evolution- 
ary and developmental history with humans due to domestication. 
Dogs can be tested in their natural environment that they share 
with humans, often using the same observations and experimen- 
tal protocols (Miklosi etal., 2004). Increasingly the dog is being 
recognized as an important species for modeling healthspan and 
longevity, aging and associated diseases such as Alzheimer's dis- 
ease (Opii etal., 2008), and psychiatric disorders, such as human 
obsessive-compulsive disorder (Rapoport etal., 1992) and atten- 
tion deficit hyperactive disorder (Lit etal., 2010) due to the fact 
that dogs share the same challenges in their daily lives as humans. 
Despite being distantly related genetically, the fact that pet dogs 
have evolved in a human-dominated environment may have led to 



the development of similar social behavior to humans (Hare and 
Tomasello, 2005), which increases the probability that dogs and 
humans may share some of the same brain mechanisms (Miklosi 
etal, 2007). The high genetic variability and differing environ- 
mental experiences found in pet dogs provides the foundation for 
individual differences and personality (Jones and Gosling, 2005), 
and can contribute to a more realistic picture of development and 
aging of cognition. In contrast, animals kept in standardized labo- 
ratory conditions are often from highly inbred lines, with limited 
social and environmental experience. 

Finally, from an applied perspective, studying lifespan devel- 
opment of attentiveness is particularly relevant for dogs, since 
a large proportion of the general public lives and interacts with 
dogs on a daily basis (Coren, 2012). The extent to which a dog can 
concentrate selectively on specific aspects of the environment and 
to exclude others is of utmost importance for effective training, 
social learning, and communication; all of which rely crucially 
on a dogs' ability to maintain attention toward humans (Lindsay, 
2001; Range etal, 2009a). 

The majority of studies examining cognitive abilities in pet 
dogs have used cross-sectional designs, by examining just a few 
age groups. Such studies give little information on how task 
performance develops with age. Cross-sectional studies can be 
used to indicate developmental change by allowing trajectories 
to be mapped from individuals at different developmental stages 
(Thomas etal., 2009). They cannot replace longitudinal stud- 
ies however; one major concern is that there is no guarantee 
that behavior on the same test is being driven by the same 
processes at different ages. Nevertheless, cross-sectional stud- 
ies provide valuable information as they can form the basis to 
design subsequent efficient longitudinal studies (Kraemer etal., 
2000). The importance of robust methods when using develop- 
mental trajectories in cross-sectional studies has been recently 
emphasized (Thomas etal., 2009). The use of the trajectory 
method to study developmental relations is possible wherever 
there is a wide age range in the sample, and as long as the 
influence of outliers, or the presence or absence of ceiling and 
floor effects are checked. The cross-sectional method commonly 
used begins by constructing a trajectory for each attentional 
measure across normally aging individuals at different ages. In 
subsequent studies, the trajectories of groups suffering from 
canine cognitive dysfunction (CCD) or attention deficits can 
be compared to this reference by linking changes in perfor- 
mance to chronological age, and establishing whether impair- 
ments exist (Annaz etal., 2010), and the cross-sectional studies 
can be followed up by longitudinal studies to corroborate the 
data. 

The goals of the present study were to ( 1 ) develop attention 
tests, which can be used to examine the effects of development 
and aging (but do not require extensive training), by adapting 
simplified versions of tests from the human literature, (2) inves- 
tigate the normal rate of attention development and decline in a 
cross-sectional sample of pet dogs ranging in age from 6 months 
to old age, (3) compare the basic developmental trajectories of 
the different sub-processes of attention and sensorimotor control 
in humans using results from previous studies, with the present 
results found in pet dogs. Compiling cross-sectional data from the 
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majority of the dogs' life course will allow us to examine normative 
change, which occurs when individuals change in a similar way 
during a specific period within the life course (McCrae et al., 2000) . 
For these purposes we tested dogs with humans and with objects or 
food as attention attractors in two separate experiments in order 
to assess their attentional capture, sustained attention, selective 
attention, and their sensorimotor abilities. 

GENERAL METHODS 

SUBJECTS 

One hundred and forty five dog-owner dyads participated in 
this study. Dog ages ranged from 6 months to 13 years and 
10 months (Table 1). All recruited dogs were Border collies 
to exclude effects of breed differences. Owners could partici- 
pate with more than one dog, therefore there were more dogs 
than owners (N = 122). There were more female than male 
owners, (F = 108, M = 14) and owners were aged between 
12 and 72 years. Recruitment was concluded on the comple- 
tion of seven age groups (Table 1). The choice of the age 
groups aimed to reflect the developmental periods in the Bor- 
der collie [late puppyhood, adolescence, early adulthood, middle 
age, late adulthood, senior, and geriatric (Siegal and Barlough, 
1995)]. 

All dogs were tested in the "Vienna Canine Cognitive Battery" 
(Wallis et al., in preparation), of which the attention tests used for 
this study were a part. The dogs had visited the lab on a minimum 
of three occasions before the attention testing, and all had prior 
experience of working with the experimenter. 

Owners filled in an extensive demographic questionnaire to 
obtain details on their dog's training experience including 13 
different training types. Puppy school (83% participated), basic 
obedience (68%), high level obedience (49%), Protection training 
(3%), agility (70%), search and rescue training (6%), companion 
dog training (31%), dog dancing/trick training (54%), dummy 
training (11%), nose work (27%), sheep dog training (52%), ther- 
apy dog (13%) and other (22%). On average, dogs participated 
in five different training types. Dogs scored according to atten- 
dance: no experience = 0, sporadic training = 1, once or twice a 
month = 2, once or twice a week = 3, and completed training (with 
or without an exam) = 4. Individual scores in each type of training 



were added up to a maximum of 52 points. Training score was cor- 
related with age in months (Spearman's rho = 0.458, p = < 0.001), 
therefore in all models, training score and age were analyzed sepa- 
rately. To take into account the dogs' current training participation, 
the average number of training hours per week was calculated for 
each dog. This calculation was made based on its current train- 
ing schedule when the cognitive battery was performed. Mean 
training hours per week was 5.6 ± 4.49, (range from 0 to 25 h) 
and was negatively correlated with age in months (Spearman's 
rho = —0.272, p = 0.001). However, training score and cur- 
rent training hours were not correlated (Spearman's rho = 0.016, 
p = 0.394). 

CRITERIA FOR EXCLUSION OF SUBJECTS 

To be included in the study, dogs were required to meet specific cri- 
teria. Owners filled in information about their dogs' recent medical 
care, disease history, and whether their dogs were currently on any 
medication. Dogs which were not medically fit [including dogs 
which suffered from eye abnormalities or second stage (visible) 
cataracts] were excluded, or testing was postponed until they were 
in normal health (testing of one dog was postponed due to false 
pregnancy, another due to actual pregnancy). Owners of dogs 
older than 6 years also filled in a CCD questionnaire [translated 
into German, based on Salvin etal. (2011a)]. None of the dogs 
showed significant behavioral signs of CCD (according to the CCD 
rating scale; all scored under 50 points). Only three dogs had to 
be excluded: one because of video recording malfunction, and two 
because of medical problems. 

TEST SETTING 

All tests were conducted in an experimental room (5 m x 6 m) by 
the same experimenter who was blind to the age of the subjects. In 
the testing room two doors were located approximately 2 m apart 
on one wall. The only furniture present was a small table standing 
next to the side wall and a chair for the owner. 

DATA COLLECTION AND STATISTICAL ANALYSIS 

Tests were videotaped using a set-up of four digital video cameras, 
which were connected to a video station outside of the testing 
room. Videos were analyzed with Solomon Coder beta 12.09.04 



Table 1 | Age, sex, and reproductive status of subjects. 



Age group 


Life stage 


Age in 


Mean + SD 


Male 


Female 


Total 






years 


age in years 


(neutered) 


(neutered) 




Group 1 


Late puppyhood 


0.5-1 


0.83 - 


h0.11 


10 (0) 


13 (1) 


23 


Group 2 


Adolescence 


>1-2 


1.51 -I 


- 0.32 


10 (2) 


13 (2) 


23 


Group 3 


Early adulthood 


>2-3 


2.54 - 


hO.32 


9(4) 


10 (3) 


19 


Group 4 


Middle age 


>3-6 


4.62 - 


hO.89 


9(4) 


12 (5) 


21 


Group 5 


Late adulthood 


>6-8 


7.13 -+ 


- 0.63 


13 (7) 


8(8) 


21 


Group 6 


Senior 


>8-10 


8.88 - 


I- 0.57 


10(5) 


9(9) 


19 


Group 7 


Geriatric 


>10 


11.61 


+ 1.03 


8(6) 


11 (11) 


19 


Total 










69 (28) 


76 (39) 


145 
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(Copyright ©2013 by Andras Peter) using a continuous sampling 
technique. Statistical analyses were performed in R 3.0.1 (R Core 
Team, 2013). Separate statistical models were calculated first with 
age as a continuous variable (we tested for linear and/or quadratic 
relationships), and then with age as a categorical variable to look 
for specific differences between age groups. Separate models were 
also calculated to assess the effects of training score and current 
training hours. Normality and homoscedasticity were assessed via 
residuals' distribution charts and plots of residuals against fitted 
values. Non-significant predictors (p > 0.05) were removed from 
the model, and are not reported in the results. Results are pre- 
sented as mean ± standard deviation unless otherwise indicated. 
To analyze the effect of outliers, variables were converted to stan- 
dard z scores, any outliers of z scores of greater than ±3 were 
removed from the analysis, and the models re-run. 

EXPERIMENT 1: ATTENTI0NAL CAPTURE AND SUSTAINED 
ATTENTION 

In experiment 1 we tested whether dogs' attentional capture and 
their sustained attention differed by age in two different contexts, 
Event 1 comprised of a moving object, and Event 2 a moving 
human and object. Previous research on attention in monkeys 
using a touch screen by Baxter and Voytko (1996) determined that 
attentional capture was preserved in aged rhesus monkeys. Zeamer 
etal. (2011) compared sustained attention in healthy young and 
aged rhesus monkeys, using a continuous performance task (indi- 
viduals were trained to respond to one of three stimuli by touching 
a screen). Results showed that aged animals made significantly 
more errors than young animals. This task took many trials to learn 
before testing could take place. Therefore, for this experiment we 
simplified the sustained attention test by removing the need for a 
trained behavioral response to indicate attention. Instead we mea- 
sured dogs' attention to two stimuli, as indicated by time spent 
with the head (used as a proxy for gaze direction) directed toward 
the stimuli. 

Previous studies focusing on measures of attention to novelty in 
dogs and rats found that exploratory behavior varied significantly 
with age; with older subjects showing the lowest levels of sustained 
attention (Soffie et al., 1992; Handa et al., 1996; Siwak et al, 2001; 
Rosado etal., 2012). Therefore, based on the previous research 
cited above, we predicted that dogs would show no age differences 
in attentional capture, and sustained attention to the two stimuli 
was expected to decline with age. 

METHODS 

Test setting and procedure 

At the beginning of the experiment, the owners entered the exper- 
imental room with their dog on a leash. A hook on the wall next 
to a window allowed dogs to be tethered in one location. The 
owners attached their dogs to the 1.5 m leash on the hook, and 
sat down on a chair facing away from the dog toward the win- 
dow. They started to fill in a questionnaire on an iPad. Owners 
were instructed to ignore their dog and the actions of the experi- 
menter, and to be quiet and still. All owners followed guidelines, 
and did not attempt to interact with their dogs. Two conditions 
were presented in a counterbalanced order to each dog, Events 1 
and 2. 



Event 1: After the dog and owner were in position, the experi- 
menter pulled a fishing line, which was attached to a small orange 
plastic watering can (child's toy) placed in the center of the exper- 
imental room. The line ran through a metal hoop in the ceiling 
in the testing room, allowing the object to be manipulated by the 
experimenter from outside the room. The object was moved up 
and down in front of the dog (but the dog was prevented from 
approaching it by the leash) for approximately 1 min (Figure 1). 
After this time the experimenter fixed the toy to the ceiling and a 
tone indicated that the owner and dog should leave the room. 

Event 2: After the dog and owner were in position, the exper- 
imenter entered the testing room, closed the door, walked to the 
wall opposite the dog, and proceeded to walk up and down the 
length of the wall (6 m) pretending to paint the wall with a roller 
with her back to the dog. The experimenter removed her shoes 
before the test, and walked as quietly as possible. At no point did 
the experimenter gain eye contact with the dog. After 1 min the 
experimenter left the room, and a tone indicated that the owner 
and dog should leave the room. 

Data collection and statistical analysis 

We used the latency to orientation [LO; measured from the first 
detectable movement of the toy/door handle up to the point where 
the dogs gaze (head and nose) was centered upon the stimulus 
(toy/door opening/human entering)] as a measure of attentional 
capture, and the average gaze (AG) -bout duration (total duration 
looking time divided by frequency of looks), and the percentage 
of total looking time (PTLT) as measures of sustained attention. 
Dogs that were already orientated to the stimuli when the stimuli 
were first presented, were excluded from the LO analysis (Event 1: 
N = 24, Event 2: N = 13). A randomly chosen set of 20 dogs were 
double coded independently by two coders, and inter-observer 
reliability for LO, AG, and PTLT was excellent ( r > 0.89, p < 0.00 1 
for each variable). 

Latency to orientation was inverse-transformed, AG was log- 
transformed, and PTLT was square-transformed to attain homo- 
geneity of variances, and additionally we fitted a variance structure 
which allowed for variance to differ between the two conditions 
(constant variance). Data was analyzed using linear mixed effects 
models (LMMs; Pinheiro and Bates, 2000) with condition (Event 
1 vs. Event 2), age and experiment order (Event 1 first vs. Event 2 
first) as fixed effects and dog identity as a random factor. Addition- 
ally, the potentially confounding variables sex and neuter status 
were included as fixed effects. After testing for age effects we then 
re-ran the model with training score and current training hours as 
fixed effects and dog identity as a random factor. We included the 
two-way interaction between condition and age, training score or 
current training hours respectively to test whether any effects may 
be restricted to one condition. 

To examine whether dogs attentional performance was con- 
sistent across different contexts the relationship between PTLT at 
Event 1 stimulus and PTLT at Event 2 stimulus was calculated, 
using a Spearman's rank correlation test. 

RESULTS 

Dogs' LO to the stimulus was on average 0.57 s (range = 0.1- 
3.5 s, SD = 0.38 s). The relationship between age and LO was 
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FIGURE 1 | Still video frame from set-up of experiment 1 - Event 1 condition. 



best described by a quadratic function [LMM, F(l,141) = 4.97, 
p = 0.01, Figure 2]. When using age group as a predictor no 
significant age differences or interactions were found (p = 0.28). 
There was no significant difference in LO to Event 1 vs. Event 2 
stimuli. The removal of two outliers did not change the results. 



Percentage total looking time was significantly higher for 
Event 2 than for Event 1 (Event 1 = 66.17 ± 22.13; 
Event 2 = 90.43 ± 10.86; LMM, F(l,140) = 221.01, p < 0.001). 
There was a significant interaction between condition and age 
in months [LMM, F(l,140) = 5.35, p = 0.02, Figure 3]. PTLT 
decreased with age in Event 1 (Spearman's rho = — 1.98,p= 0.02) 
but not in Event 2 (Spearman's rho = 0.042, p = 0.62). When 
comparing age groups no significant age differences or interac- 
tions were found. When three outliers were removed all reported 
results remained significant. 

Average gaze-bout length was longer in Event 2 than in Event 1 
[Event 1 = 12.51 ± 11.70; Event 2 = 42.82 ± 30.89; LMM, 
f (1,141) = 289.03, p < 0.001]. There were no significant effects 
of age on AG. 

With both variables (PTLT and AG), attention paid to Event 1 
was significantly positively correlated with attention paid to Event 
2 (PTLT: Spearman's rho = 0.224, p = 0.010; AG: Spearman's 
rho = 0.270, p = 0.001). These results remained significant after 
removing outliers. 

Training score and current training hours had no significant 
effects on any of the variables measured. 

DISCUSSION 

When examining dogs' attentional capture abilities across age a 
significant quadratic relationship was found. Age differences can 
possibly be explained by a slight sensory motor decline in the 
aged dogs, and a heightened sensitivity to sound/movement in the 
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FIGURE 2 | The quadratic relationship between latency to orient and 
age in months. 
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FIGURE 3 | Age related changes in percentage total looking time 
(PTLT) to Event 1 and Event 2 stimuli. 



middle aged dogs. However since latencies to orientation did not 
differ in Event 1 and Event 2 conditions, and response latencies in 
the senior age group were not significantly different from the other 
age groups, the observed relationship was minimally effected by 
age. Regardless of the original orientation of the dog, all dogs very 
quickly orientated to the stimuli in Event 1 and 2, and we conclude 
that the physiological condition of the dog minimally affected its 
ability to orientate its gaze to the stimuli. 

Measures of sustained attention were expected to decline with 
age in both conditions. However, only attention to the Event 1 
stimulus showed a significant reduction with age in accordance 
with our predictions. The novel stimulus and strange movement 
of the inanimate object generally caused a startle response in the 
dogs, and an increase in frequency of looks to the stimulus com- 
pared to Event 2. The older dogs showed a decrease in overall 
looking time compared to young dogs, which could be explained 
by a life-long learning process to reduce reaction to novel external 
stimuli, such as moving objects (children, cars, bicycles, etc.). Dogs 
learn to attend selectively, which helps them to focus their atten- 
tion on relevant stimuli (for example the owner), whilst ignoring 
irrelevant occurrences (Lindsay, 2001). We found no age effect 
on attention paid to Event 2, which may be due a ceiling effect 
(almost half of the dogs paid attention to the stimuli for over 95% 
of the time). Therefore, the interaction found between age and 
stimulus type may be an artifact of the ceiling effect. Future stud- 
ies will need to determine whether sustained attention toward a 
social type stimulus might also decrease with age, for example by 
increasing the duration of presentation of the stimulus in Event 2. 
Here we can conclude that even senior dogs are capable of high 
levels of sustained attention over 1 min if the stimulus is of high 
relevance to them. 

Percentage total looking time and AG-bout duration was found 
to be higher in Event 2 (experimenter painting the wall) than in 
Event 1 (moving plastic watering can). One possible explanation 



for this difference is that the size of the stimuli caused a bias in 
attentional allocation. The type of movement (vertical vs. lateral), 
the distance of the stimuli from the dog, and the novelty of the 
stimulus could also have influenced the dogs' attention. Previous 
studies have indicated that dogs prefer to attend to novel objects 
over familiar ones (Kaulfuss and Mills, 2008) and also to novel 
human faces when compared to familiar faces (Racca et al, 2010), 
therefore we might have expected dogs to attend to Event 1 and 
2 similarly. A main difference between the two event situations 
was that Event 1 contained a non-social stimulus and Event 2 
a social stimulus. It seems likely that positive experiences with 
the experimenter gained in the previous tests of the test battery 
could have motivated the dogs to attend to her, over the novel 
non-social object. Horn etal. (2013) found that the nature of past 
interactions with a human specifies the dogs' relationship with 
them, and increases attention to that person. Positive reinforce- 
ment during previous training experiences has been found to be 
highly correlated with levels of attention (Lindsay, 2001). There- 
fore reinforcement of attention in one situation should improve 
attending to the same stimulus in different contexts. 

In sum, by the age of 6 months, Border collie attentional cap- 
ture and sustained attentional abilities were already at adult levels, 
which is comparable to the finding of similar tests in human 
subjects (Berardi etal., 2001; Michael etal., 2013). Nevertheless, 
individual differences occurred consistently across the different 
contexts (i.e., dogs which looked longer at the Event 1 stimu- 
lus also looked longer at the Event 2 stimulus) which could be a 
consequence of an underlying personality trait. 

EXPERIMENT 2: SELECTIVE ATTENTION 

In experiment 1 we found minimal age effects on attentional 
capture and sustained attention in pet dogs. Previous studies 
have established that increasing task difficulty enhances the likeli- 
hood of finding age related differences in humans (McDowd and 
Craik, 1988), therefore we performed a second experiment, where 
we measured whether dogs selective attention and sensorimotor 
abilities differed by age during task switching. 

One common method widely used to assess selective attention 
is the visual search task, which requires participants to attend to a 
target stimulus while disregarding irrelevant "distracter" informa- 
tion. Previous studies have shown that senior dogs are significantly 
impaired in accuracy and reaction time compared to younger ani- 
mals in a visual search task with distracters (Snigdha et al., 2012). 
In a social version of this task, Mongillo etal. (2010) simultane- 
ously presented the owner and a stranger to the dog, forcing it 
to be selective as to whom it observed. Older dogs discriminated 
between the owner and the stranger to a lesser extent, because they 
oriented longer to the stranger compared to adult dogs. Similarly, 
age and stimulus relevance have a strong influence on selective 
attention also in humans (Hommel etal., 2004) and non-human 
primates (Zeamer etal., 2011). 

Previous studies examining sensorimotor control in non- 
human animals, have found a significant decline with age, as 
in human studies. For example, Wallace etal. (1980) discovered 
that tasks requiring coordinated control of motor and reflexive 
responses in rats (such as descent of a wire mesh pole) showed 
significant declines with age in four age groups (6, 12, 18, and 
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24 months). In their study of normative behavioral changes asso- 
ciated with "successful aging" in dogs, Salvin et al. (201 lb) found 
that difficulty in finding food increased significantly across three 
age groups (<10, 10-12, >12 years). This could reflect alterations 
in the cognitive processing of sensory information, or could be a 
result of physical deterioration of the visual, audio, or olfactory 
organs. Therefore it is necessary to exclude physical degeneration 
as the cause of apparent changes in cognition. 

In Experiment 2 we investigated whether dogs differ by age in 
their selective attention when switching between two tasks: finding 
food on the floor, and gaining eye contact with the experimenter. 
Additionally we examined whether dogs differed by age in their 
ability to find dropped food (sensorimotor performance). Based 
on human and animal studies, we predicted that younger and 
older dogs would show an impaired performance in selective atten- 
tion and sensorimotor control, producing a quadratic effect with 
age. 

METHODS 

Test setting and procedure 

For this experiment, the owner sat positioned at the back wall of 
the experimental room and filled in a questionnaire. The experi- 
menter stood in the center of the room facing the owner, holding a 
clicker in her right hand, and the other hand was free. Both hands 
were positioned in a relaxed posture by her sides. The experi- 
menter had a food pouch on her belt, positioned at her back. 
Sausage, which had been cut into <1 cm 3 , was used as a food 
reward. For the first trial, the experimenter called the dog to her, 
and threw a piece of sausage on the floor in front of her for the dog 
to find. She then remained motionless until the dog established eye 
contact with her, whereupon she immediately clicked the clicker, 
took a piece of food from a pouch on her belt, tossed the food on 
the floor to the left or the right of the dog, and then waited for 
the dog to establish eye contact again after it found and ate the 
food. The sausage was always thrown so that the dog had to move 
out of its current position to obtain the food. If the dog wandered 
further than 2 m from the experimenter, and no longer showed 
interest, the experimenter rustled the plastic bag containing the 
sausage, and then returned to her position, with arms and hands 
at her sides. The experimenter continued this task for a total of 
5 min. 

We considered this experiment to be demonstrative of dogs' 
selective attention abilities, as the dogs had to change their focus of 
attention in the presence of competing stimuli: the experimenter's 
hand which moments ago threw a piece of sausage, the floor where 
food could be found, and the face of the experimenter (for which 
the dog was rewarded when looking at). Thus in this task the dog 
had to disregard (inhibit) irrelevant "distracter" information in 
order to receive the food reward. 

Data collection and statistical analysis 

We used two parameters as measures of attention in this task: the 
latency to eye contact (LEC) with the experimenter (measured 
from the moment the dog had taken the food into its mouth until 
the dog looked up into the face of the experimenter, which was 
marked by a click from the clicker), and the latency to find food 
(LFF; measured from the moment the piece of sausage left the 



experimenters hand, until the dog found the food, and took it into 
the mouth). The dogs' initial performance in the task was mea- 
sured by taking the average of the first three trials in both LEC and 
LFF. A randomly chosen set of 20 dogs was double coded indepen- 
dently by two coders and inter-observer reliability for LEC and 
LFF was excellent (r > 0.87, p < 0.001 for each variable). LEC 
was log-transformed, and LFF was inverse-cube transformed to 
attain homogeneity of variances. The data was analyzed using lin- 
ear models (LMs; Chambers, 1991), with age and previous clicker 
experience (yes/no) as fixed effects. Forty three percent of the sub- 
jects were clicker trained, the proportion of clicker trained dogs 
was highest in age group 1, lowest in age group 7, and clicker 
training was weakly correlated with age in months (Spearman's 
rho = —0.191, p = 0.021). Additionally, the potentially con- 
founding variables sex and neuter status were included as fixed 
effects. Age group comparisons were analyzed using LMs with 
generalized least squares (GLS; Davidian and Giltinan, 1995) and 
a variance structure which allowed for variance to differ between 
age groups was fitted. After testing for age effects we then re-ran 
the models with training score and current training hours as fixed 
effects. 

Learning across trials was examined by taking the first 20 tri- 
als of LEC and LFF for all dogs (seven dogs were removed from 
the analysis as they did not complete 20 trials within the 5-min 
period). LEC learning data was inverse square-root transformed, 
and LFF data inverse log transformed. To obtain homoscedastic- 
ity of data, we also fitted a variance structure which allowed for 
variance to differ with trial number (exponential variance), and 
between age groups (constant variance). Data was analyzed using 
LMM (Pinheiro and Bates, 2000), with age as categorical vari- 
able (seven age groups), trial number, previous clicker experience 
(yes/no), sex, and neuter status, included as fixed effects. We then 
re-ran the models with training score and current training hours 
instead of age as fixed effects. We included the two-way interaction 
between trial number and age, clicker experience, training score 
or current training hours respectively to test whether learning dif- 
fered between age groups, or with clicker experience, training score 
or current training hours. 

Finally, to examine whether dogs attentional performance was 
consistent across different contexts, the relationship between LEC 
and LFF was analyzed using a Spearman's rank correlation test. 

RESULTS 
Initial latencies 

Dogs' LEC with the experimenter was on average 6.82 s 
(range = 1.37-29.57 s, SD = 5.34 s). The relationship between 
age in months and LEC was best described by a quadratic function 
(Figure 4; Table 2). Previously clicker trained dogs were faster to 
gain eye contact than non-clicker trained dogs (Table 2). When 
comparing the latencies in the age groups, performance peaked in 
group four (middle aged: 3- to 6-year-olds). Therefore, we com- 
pared all other age groups to group four to look for differences 
in performance. There was a significant difference found between 
the age groups [GLS, P(6,145) = 3.99, p = 0.001]. LEC was sig- 
nificantly higher in age groups two, three and seven compared 
to age group four (t > 2.04, p = < 0.05). However, when three 
outliers were removed, the quadratic relationship between age in 



www.f rontiersin .org 



February 2014 | Volume 5 | Article 71 | 7 



Wallis etal 



Lifespan development of attentiveness in domestic dogs 



in 

1 30" 

o 

o 




° 0 20 40 60 80 100 120 140 160 
Age in months 



FIGURE 4 | The quadratic relationship between the average latency of 
the first three trials of individual dogs to gain eye contact with the 
experimenter and age in months. 



months and LEC was no longer significant, and LEC was signifi- 
cantly higher only in age groups two and seven, when compared 
to age group four. 



Table 2 | Factors affecting initial latency to eye contact (LEC) and 
latency to find food (LFF). 



Dependent 
variable 


Model term 


DF 


Sample 
size 


F-value 


p-Value 


LEC 


Age (linear) 




142 


2.353 


0.127 




Age (quadratic) 




142 


4.395 


0.038* 




Clicker experience 




142 


4.604 


0.033* 


LFF 


Age (linear) 




143 


0.943 


0.333 




Age (quadratic) 




143 


5.723 


0.018* 




Clicker experience 




143 


1.085 


0.299 


*p < 0.05. 
Dogs' LFF 


was on average 


1.45 


s (range 


= 0.73-5.2 


s, and 



SD = 0.65 s). The relationship between age in months and LFF was 
best described by a quadratic function (Table 2; Figure 5). When 
comparing the latencies in the age groups, performance again 
peaked in group four (middle aged). We compared all other age 
groups to age group four and found that there was a significant dif- 
ference between age groups [GLS, F(6,145) = 5.53, p = < 0.001]. 
LFF in age groups one, two, three and seven was significantly 
higher than LFF in age group four (f < —2.63, p = < 0.01). After 
removing five outliers, all effects found remained significant. 

Latency to eye contact was significantly positively correlated 
with LFF (Spearman's rho = 0.232, p = 0.005). Training score 
and current training hours had no significant effects on any of the 
variables measured. 
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FIGURE 5 |The quadratic relationship between the average latency of 
the first three trials of individual dogs to find food and age in months. 



Learning across trials 

Results from the learning across trials analysis produced a signif- 
icant effect of trial number on LEC, indicating that individuals 
improved in gaining eye contact over trials (Table 3). There was 
also a significant trial number by age group interaction (Table 3). 
When compared with the top performing age group in the initial 
trials (group four), group two (1- to 2-year-olds) showed a signif- 
icantly steeper learning curve. Clicker experienced dogs showed a 
tendency toward shorter latencies to eye contact than dogs with 
no clicker experience. 

As we found a significant interaction between age and trial 
number, we then controlled for dogs initial performance in this 
task, which could influence the rate of learning, by running 
LM using LEC as the response variable and trial number as a 
fixed effect, to obtain regression slopes for each individual. We 



Table 3 | Linear mixed effects models factors affecting learning across 
trials in latency to eye contact (LEC) and latency to find food (LFF). 



Dependent 


Model term 


DF 


Sample 


F-value 


p-Value 


variable 






size 






LEC 


Trial number 


1 


2614 


221.120 


<0.001* 




Clicker experience 


1 


130 


3.475 


0.065 




Age group 


6 


130 


1.582 


0.142 




Trial number: age group 


6 


2614 


4.298 


<0.001* 


LFF 


Trial number 


1 


2620 


0.540 


0.464 




Clicker experience 


1 


129 


7.530 


0.007* 




Neuter status 


1 


129 


7.070 


0.009* 




Age group 


6 


129 


5.570 


<0.001* 



*p < 0.05. 
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then ran LMs with regression slope as the response variable, ini- 
tial performance (intercept of the regression) as a predictor in 
addition to age (seven age groups), clicker (previous experience: 
yes/no), sex, neuter status, training score and current training 
hours. Results from the model showed a highly significant effect 
of intercept [LM, _F(1,128) = 67.59, p = < 0.001] and a ten- 
dency toward a significant difference between the age groups [LM, 
F(6,128) = 2.13, p = 0.054]. When comparing the age groups, 
the only significant result was that group two showed signifi- 
cantly steeper learning curves compared to group one (t = —2.71, 
p = 0.007). 

Results from the LFF model revealed that dogs' performance 
differed significantly among the age groups (Table 3). Age groups 
one, two, three, five, six, and seven had significantly higher LFF 
than group four (f > 2.00, p = < 0.05). There was no significant 
effect of trial number; therefore the dogs did not significantly 
improve in their ability to find food over the 20 trials. However, 
clicker experienced dogs showed a shorter LFF than dogs with no 
clicker experience, and additionally, neutered dogs were quicker 
to find the food than intact dogs (Table 3). 

Training score and mean number of hours spent in training per 
week had no significant effects on any of the variables measured. 

DISCUSSION 

The dogs' selective attention and sensorimotor abilities showed 
differences between cross-sectional age group means which peaked 
at middle age (3-6 years), when their LEC and to find food was the 
lowest. LFF showed a quadratic distribution with age in months, 
and was highly correlated with LEC. Deficiencies in LEC present 
in the younger (adolescent) and oldest age groups could be due 
to: (1) lower motivation, (2) reduced sensorimotor capability, or 
(3) deficiencies in attentional control. Motivational differences to 
attend to the experimenter in the age groups are unlikely, since in 
experiment 1 we found no age differences in sustained attention 
duration in Event 2 which included a social component, indicating 
that all of the age groups were equally motivated to attend to the 
experimenter. Also food motivation did not vary with age, as dogs' 
performance in LFF over the 20 trials remained stable over time. 
Therefore we suggest that, due to the low range of LFF values, dogs 
were equally motivated to find the food and to participate in the 
trials. 

However, there was evidence that the LFF was affected by the 
dogs' sensorimotor capability. Age differences in the dogs' initial 
performance were found, and remained consistent over the 20 tri- 
als. LFF provided an effective sensory and motor control, which is 
comparable to similar tests in humans and rats (Wallace et al., 1980; 
Clark etal., 2006). Given the very short latencies for finding food 
(mean 1.45 s), and also the LO in experiment 1 (mean 0.57 s), it is 
unlikely that sensorimotor deficiency explain all of the differences 
we found in the age groups concerning the LEC. The differences 
found in the adolescent and oldest age groups were most likely 
due to deficiencies in attentional control abilities, or increased 
distractibility. The results from this study complement previous 
research on selective attention in dogs, which point to a reduced 
capacity of older dogs to inhibit distracting stimuli (Tapp et al., 
2003; Mongillo et al, 2010; Snigdha et al, 2012). With our exper- 
imental design we were not able to determine whether reduced 



visual processing speed, reduced cognitive resources (impairments 
in other cognitive and learning abilities), and/or an inability to 
ignore distracting information (decrease in performance accu- 
racy) or a combination of these factors was responsible for the 
observed results. Future studies should try to separate these three 
functions to determine to what extent they effect development 
and aging of attentional processes in the dog. It is also important 
to note that, despite of its practical importance and relevance for 
social behavior, measuring social attentiveness through eye contact 
has an inherent constraint. Since the experimenter with whom the 
dogs are required to establish eye contact cannot be prevented from 
seeing the dogs and some of their characteristics, such as age, it is 
impossible to make sure that she/he treats all subjects in the same 
way. In our experiment, the experimenter could easily discrimi- 
nate the 6 month from the 12-year-old dogs. During the clicker 
training for eye contact, although the task required that the exper- 
imenter remain motionless whilst waiting for the dog to take up 
eye contact, unconscious subtle movements by the experimenter 
may have inadvertently captured the dogs attention. Potentially, 
this effect might have contributed to some of the differences we 
found. Future studies should attempt to find other measurements 
of social attention that can control for such effects but at the same 
time can be as informative as mutual gaze. 

In order to fully examine the lifespan development of attention, 
puppies as young as 2 months of age would need to be tested. Using 
a similar method, in a study carried out by Passalacqua et al. (20 1 1 ) 
over 50% of puppies at 2 months of age looked at the experimenter 
within 1 min in an "unsolvable task" paradigm. Adult dogs (average 
age 4.4 years) were significantly faster to look at the experimenter 
when compared to 4.5 and 2 months old puppies, which suggests 
that human directed gazing behavior improves with age, possibly 
through a history of positively rewarded human interactions. In 
the present study only adolescent and geriatric dogs showed slower 
latencies. The onset of sexual maturity varies according to the 
speed of development of the animal, and is reached between 6 and 
18 months of age depending on the breed (Miklosi, 2008). Behav- 
ioral maturation in the dog does not occur at this time: although 
capable of mating, dogs do not display fully adult behavior until 
around 2-3 years of age. Our results suggest that the maturation of 
selective attention may coincide with behavioral maturation in the 
dog. Adolescent dogs go through a hormonal surge which often 
affects their behavior, including their ability to pay attention and 
respond to previously learned cues (Lindsay, 2001). During this 
period an imbalance between attention and affective and motiva- 
tional networks cause emotional and motivational distractors to 
have a detrimental effect on attentional control, which explains 
why adolescent behavior is often erratic (Crone, 2009). 

Dogs' selective attentional performance improved across the 20 
training trials in all age groups; therefore dogs from 6 months to 
14 years all showed the ability to learn, consistent with previous 
studies in dogs (Lillard and Erisir, 201 1). In this task, even though 
older and adolescent dogs showed deficiencies initially, they were 
able to significantly reduce their latencies with training. Dogs aged 
from 1 to 2 years show a significantly steeper group learning curve 
when compared to middle aged dogs after controlling for individ- 
ual initial performance. There are numerous studies suggesting 
that younger dogs show greater learning ability than aged dogs; 
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however, to date there has been no lifespan studies of learning abil- 
ities in domestic dogs. Adolescence may reflect a sensitive period 
when quick and efficient learning to focus on task demands occurs 
in normal development in the domestic dog (Scott, 1958). 

The dogs' initial LEC and LFF across the first 20 trials were 
affected by dogs' clicker training status, with dogs having previous 
experience being faster in gaining eye contact with the experi- 
menter in the first three trials and also quicker in finding the food 
over the first 20 trials. The simplest explanation for this result is 
that clicker trained dogs were already familiar with this type of 
task, and that overall clicker training can improve human directed 
looking behavior in dogs. Alternatively, it could indicate height- 
ened motivation (anticipation of food reward) in clicker trained 
dogs, rather than an overall difference in sensorimotor capabili- 
ties. Non-clicker trained dogs could have been confused and/or 
distracted by the presence of the clicker, which could have resulted 
in longer latencies to eye contact. Since the oldest age group of geri- 
atric dogs was also the age group with the lowest number of clicker 
trained dogs, it could be argued that had more of these individuals 
been in clicker training, the observed difference between middle 
aged dogs and geriatric dogs may disappear. However, adolescent 
dogs had a similar proportion of clicker trained dogs to middle 
aged dogs but a higher LEC, so clicker experience cannot explain all 
the variation which was present. The youngest age group had the 
highest proportion of clicker trained dogs (around 70%); there- 
fore we can speculate that current clicker training for eye contact 
in this age group could also have contributed to faster latencies to 
eye contact with the experimenter, and younger clicker naive dogs 
may show a reduced performance in the alternating attention task. 

Dogs' reproductive status influenced their performance in LFF. 
Neutered dogs were faster to find dropped food over 20 trials than 
intact dogs. Neutering increases food motivation and decreases 
metabolic rate, which can lead to lower energy levels and increased 
risk of obesity (Duffy and Serpell, 2006; German, 2006) . Therefore, 
it is possible that neutered dogs had a greater motivation to obtain 
the food than intact dogs. However, the reproductive status of 
the dog had no effect on selective attention, which suggests that 
for general measures of attention and trainability there are no 
differences between hormonally intact and neutered dogs. 

GENERAL DISCUSSION 

We investigated the lifespan development of attentiveness of pet 
dogs in naturalistic situations, by developing several short simple 
tasks designed specifically to examine possible age effects and by 
measuring specific components of attention. We examined the 
normal rate of attention development and decline in a cross- 
sectional sample of pet dogs from 6 months to old age, and finally, 
we compared the cross-sectional developmental trajectories of the 
different attentional components found in dogs to the existing 
literature in humans. The results from experiment 1 when com- 
pared to the human literature, show a similar lack of age effects on 
attentional capture abilities in humans and dogs, but also reveal 
differences in task relevance in sustained attentional performance. 
In experiment 2 we found that selective attention performance 
in adolescent and geriatric dogs was weaker than in middle aged 
dogs. We suggest that a U shaped developmental pathway of selec- 
tive attention may be present, if younger age groups were also 



examined, and based on our initial results before outliers were 
removed. Younger and older dogs' performance can be explained 
by greater levels of distractibility, which has been attributed to 
weakened inhibitory control (Duchek et al, 1998). 

In order to help draw comparisons across the lifespan of 
humans and dogs, it is necessary to establish the relationship 
between chronological and physiological age in both species. 
Patronek etal. (1997) developed a method to standardize the 
chronological age of dogs in terms of physiological time using 
human year equivalents. The relationship between human age and 
dog age and development cannot be described accurately with a 
simple linear relationship, as development is not constant over a 
dog's life span. A polynomial relationship allows for the human 
year equivalents for dogs' ages to be larger during growth and 
smaller during maturity. Using Patronek's method, the human 
equivalent age ranges of the dogs in this study was 10-83 years. 
Thus, regarding simpler forms of attention, a rather crucial devel- 
opmental stage may have been missed by only testing dogs from 
6 months onward. For example, in humans, attentional capture 
abilities reach adult levels by age 5-7 years. In order to test this 
in the dogs we would have needed to test them before 3 months 
of age. The quadratic relationship between selective attention and 
age (found before outliers were removed) may have been strength- 
ened, had we tested younger dogs. Dogs' selective attentional and 
sensorimotor abilities peaked at the human equivalent of roughly 
28-38 years old, which is around the same time as in human stud- 
ies (20-30 years old). However, from 15 to 39 years, performance 
in humans was similar, with few if any differences between these 
age groups (Clark etal, 2006). A quadratic effect of age in dogs' 
attentional control could reflect improving capabilities over the 
years of development followed by decline during old age. Given 
that the development of attentional control may be similar across 
humans and dogs, we can speculate that the same mechanism 
regulates control in both species. Indeed, recent behavioral and 
physiological research on impulsivity in dogs indicates this might 
well be the case (Miller etal, 2010; Wright etal, 2012). However, 
longitudinal studies are needed to validate these suggestions. 

The fact that dogs of all age groups were able to improve their 
selective attention performance in the alternating attention task 
is of particular importance. Even dogs which had been previ- 
ously trained to gain eye contact with their owner benefited from 
the training with the experimenter. This improvement may be 
explained by the fact that dogs do not automatically transfer train- 
ing exercises/cues/commands to new trainers (strangers) and to 
new contexts, unless they have been specifically trained to do 
so (Hilliard, 2003). There are two possible explanations for the 
dogs performance in the selective attention measure: ( 1 ) dogs were 
able to improve their level of attentional control over the 20 trials 
through an increased ability to inhibit prepotent responses, and 
(2) simple conditioning led to an increased relevance of the stim- 
ulus (the experimenters face) over the repeated trials. Most likely 
both explanations contributed to the dogs' performance. Instru- 
mental conditioning can explain why previous training allowed 
clicker trained dogs to outperform non-clicker trained dogs in the 
initial three trials. 

Dogs with the equivalent human age of 16-23 years (1-2 in 
chronological years) benefited more from eye contact training with 
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the experimenter than middle aged dogs. Human research also 
points to the teenage and adolescent years as a highly important 
transitional phase marked by significant physical, social, cognitive, 
and emotional changes (Crone, 2009). Just as in humans, dogs of 
all ages, including dogs which were clicker trained were able to 
benefit from a practice period. However, it remains to be seen 
whether training in just one area can lead to improvements across 
multiple domains (emotional, intellectual and physical) as has 
been observed in humans (Oaten and Cheng, 2006a,b), and also 
whether selective attention across different contexts is correlated. 
A recent study on dogs discovered that individual scores were not 
correlated between tasks of executive control (inhibition); suggest- 
ing context has a large effect on performance in these tasks (Bray 
etal, 2014). 

Results from experiment 2 suggest that fine sensorimotor abil- 
ity and attentional control may follow similar developmental 
pathways. Correlational evidence from cross-sectional and lon- 
gitudinal studies in humans suggests a close connection between 
cognitive, sensory, and sensorimotor aging (Baltes and Linden- 
berger, 1997; Diamond, 2000; Li and Lindenberger, 2002; Li etal., 
2004; Ghisletta and Lindenberger, 2005). These factors may be 
influenced by a common cause, an increase in resource over- 
lap, or a combination of both (Lindenberger etal., 2000). Future 
research should aim to pin-point the relative importance of these 
possibilities using divided attentional tasks in dogs and other 
species. 

Other important aspects to consider when studying attention 
and cognition in humans and animals include the influence of 
gender, educational level, and current training. In humans, stud- 
ies have found that specific training and educational interventions 
targeted at influencing the development and improvement of 
attentional abilities has been successful at all life stages includ- 
ing children and older adults (Rueda etal., 2005; Oaten and 
Cheng, 2006a; Tang and Posner, 2009; Mozolic etal, 2011; 
O'Brien etal., 2013). The training score used in this study was 
intended as a measure of the dogs overall educational level, 
and the mean number of hours spent in training per week was 
used to reflect dogs' current educational participation. However, 
the only type of training which influenced LEC and find food 
was clicker training experience. Two possible explanations for 
clicker trained dogs' enhanced performance when compared to 
non-clicker trained dogs include: (1) clicker trained dogs were 
already familiar with the specific training method (and perhaps 
the task used), and therefore were better able to generalize to 
new contexts and trainers (Hilliard, 2003); and (2) clicker train- 
ing may help to prolong and/or improve behavior such as eye 
contact through increased resistance to extinction (Smith and 
Davis, 2008). In the current study we did not find any effects 
of gender on any of the components of attention or sensorimotor 
ability. 

Finally, we need to acknowledge the limitations of a cross- 
sectional design as a means to examine lifespan differences in 
attention in dogs. Schaie (2000) emphasized the potential sus- 
ceptibility of cross-sectional designs to cohort differences. In the 
population of pet dog Border collies used for this study there were 
few selection pressures, and little problems with inbreeding. Most 
breeding dogs were chosen on either working ability (working 



line) sport/agility ability (sport line), or for looks or showing abil- 
ity (show line) . Dogs were recruited from many different breeders, 
pet owners, and dog schools and care was taken that individuals 
tested were from as diverse a sampling population as possible. 
However, we cannot completely rule out the possibility that the 
correlations and age group means we measured may not accu- 
rately reflect true developmental trajectories. Additional research 
using longitudinal designs would be important to confirm our 
findings. 

CONCLUSION 

Our study provides the first cross-sectional lifespan overview of 
the development and aging of attention in the pet dog. Our results 
reveal differences in task relevance in sustained attentional perfor- 
mance when watching a human or a moving object, which may 
be explained by different life-long learning processes about such 
stimuli. During the attention alternation task, we found that dogs' 
selective attention and sensorimotor abilities showed differences 
between age group means which peaked at middle age for both, 
indicating some association between the two processes. The dif- 
ferences found in selective attention in the younger adolescent 
and oldest age group when compared to the middle aged could 
be due to greater levels of distractibility, which could indicate 
deficiencies in attentional control abilities. When comparing sen- 
sorimotor control in previous studies in humans and the present 
results found in dogs, a similar quadratic effect of age was discov- 
ered. Dogs' attentional capture and sustained attention results also 
paralleled those found in humans. 

The importance of taking into account the dogs' current 
training status in reference to examining human directed gazing 
behavior should be emphasized. Clicker training experience had 
a significant effect on dogs' performance in the attention alterna- 
tion task. Dogs of all ages significantly improved their selective 
attention performance over trials, with the adolescents showing a 
particularly enhanced learning performance in comparison to the 
other age groups. 

Our results complement the existing research using laboratory 
beagles, emphasizing the importance of the domestic dog as a 
model species for comparative study. Finally, this study lends 
support to the possibility that the development of sensorimo- 
tor and attentional control and senescence may be fundamentally 
interrelated in dogs as proposed in humans. 

ACKNOWLEDGMENTS 

We would like to thank the owners who volunteered to partici- 
pate in this study, Angela Gaigg for recruiting owners, organizing 
appointments and providing translational support, Stephen Jones 
and Jenny Bentlage for coding video analysis. Finally we would 
like to thank our sponsors Royal Canin for providing funding 
for this project. Lisa Wallis was furthermore supported by the 
DK CogCom Program (Austrian Science Fund Doctoral Pro- 
grams W1234). Writing was supported by ERC Starting Grant 
CanCoop (311870) to Friederike Range, WWTF project CS11- 
026 to Zsofia Viranyi, and FWF grant P21418 to Ludwig Huber. 
This study was discussed and approved by the institutional 
ethics committee in accordance with GSP guidelines and national 
legislation. 



www.f rontiersin .org 



February 2014 | Volume 5 I Article 71 | 11 



Wallis etal. 



Lifespan development of attentiveness in domestic dogs 



REFERENCES 

Adams, B., Chan, A., Callahan, H., Siwak, C, Tapp, D., Ikedadouglas, C, etal. 
(2000). Use of a delayed non-matching to position task to model age-dependent 
cognitive decline in the dog. Behav. Brain Res. 108, 47-56. doi: 10.1016/S0166- 
4328(99)00132-1 

Annaz, D., Remington, A., Milne, E., Coleman, M., Campbell, R., Thomas, M. S. C, 
etal. (2010). Development of motion processing in children with autism. Dev. 
Sci. 13, 826-838. doi: 10.1111/j.l467-7687.2009.00939.x 

Baltes, P. B., and Lindenberger, U. (1997). Emergence of a powerful connection 
between sensory and cognitive functions across the adult life span: a new window 
to the study of cognitive aging? Psychol. Aging 12, 12-21. doi: 10.1037/0882- 
7974.12.1.12 

Bartus, R. X, Dean, R. L., and Fleming, D. L. (1979). Aging in the rhesus monkey: 

effects on visual discrimination learning and reversal learning. /. Gerontol. 34, 

209-219. doi: 10.1093/geronj/34.2.209 
Baxter, M. G., and Voytko, M. L. (1996). Spatial orienting of attention in adult 

and aged rhesus monkeys. Behav. Neurosci. 110, 898-904. doi: 10.1037/0735- 

7044.110.5.898 

Berardi, A., Parasuraman, R., and Haxby, J. V. (2001). Overall vigilance and sus- 
tained attention decrements in healthy aging. Exp. Aging Res. 27, 19-39. doi: 
10.1080/036107301750046124 

Blough, D. S. (2006). "Reaction -time explorations of visual perception, attention, 
and decision in pigeons," in Cognition: Experimental Explorations of Animal Intel- 
ligence, eds A. E. Wasserman and T. R. Zentall (New York: Oxford University 
Press), 89. 

Boutet, I., Ryan, M., Kulaga, V., Mcshane, C, Christie, L., Freedman, M., etal. 

(2005) . Age-associated cognitive deficits in humans and dogs: a comparative 
neuropsychological approach. Prog. Neuropsychopharmacol. Biol. Psychiatry 29, 
433-441. doi: 10.1016/j.pnpbp.2004.12.015 

Bray, E. E., MacLean, E. L., and Hare, B. A. (2014). Context specificity of inhibitory 

control in dogs. Anim. Cogn. 17, 15-31. doi: 10.1007/sl0071-013-0633-z 
Cepeda, N., Kramer, A., and de Sather, J. (2001). Changes in executive control 

across the life span: examination of task- switching performance. Dev. Psychol. 37, 

715-730. doi: 10.1037/0012-1649.37.5.715 
Chambers, J. M. (1991). "Linear models," in Statistical Models in S, eds J. M. 

Chambers and T. J. Hastie (London: Chapman & Hall). 
Clark, C. R., Paul, R. H., Williams, L. M., Arns, M., Fallahpour, K., Handmer, C, et al. 

(2006) . Standardized assessment of cognitive functioning during development 
and aging using an automated touchscreen battery. Arch. Clin. Neuropsychol. 21, 
449-167. doi: 10.1016/j.acn.2006.06.005 

Coren, S. (2012). Canine Corner: how many dogs are there in the world? 
Psychol. Today. Available at: http://www.psychologytoday.com/blog/canine- 
corner/201209/how-many-dogs-are-there-in-the-world (accessed November 28, 
2013). 

Cornish, K., Wilding, J., and Grant, C. (2006). "Deconstructing working memory 
in developmental disorders of attention," in Working Memory and Education, ed. 
S. Pickering (Burlington: Elsevier Science). 

Craik, F. I. M., and Bialystok, E. (2006). Cognition through the lifespan: mech- 
anisms of change. Trends Cogn. Sci. 10, 131-138. doi: 10.1016/j. tics. 2006. 
01.007 

Crone, E. A. (2009). Executive functions in adolescence: inferences from brain and 
behavior. Dev. Sci. 12, 825-830. doi: 10.1111/j.l467-7687.2009.00918.x 

Davidian, M., and Giltinan, D. M. (1995). Nonlinear Models for Repeated 
Measurement Data, Vol. 62. New York: Chapman St Hall. 

Diamond, A. (2000). Close interrelation of motor development and cognitive devel- 
opment and of the cerebellum and prefrontal cortex. Child Dev. 71, 44-56. doi: 
10.1111/1467-8624.00117 

Duchek, J. M., Hunt, L., Ball, K., Buckles, V., and Morris, J. C. (1998). Attention and 
driving performance in Alzheimer's disease. /. Gerontol. B Psychol. Sci. Soc. Sci. 
53, P130-P141. doi: 10.1093/geronb/53B.2.P130 

Duffy, D., and Serpell, J. (2006). "Non-reproductive effects of spaying and neutering 
on behavior in dogs," in Proceedings of the Third International Symposium on 
Non-Surgical Contraceptive Methods for Pet Population Control, Alexandria, VA. 

Enns, J. T., and Cameron, S. (1987). Selective attention in young children: The 
relations between visual search, filtering, and priming. /. Exp. Child Psychol. 44, 
38-63. doi: 10.1016/0022-0965(87)90021-X 

German, A. (2006). The growing problem of obesity in dogs and cats. /. Nutr. 
1940-1946. 



Ghisletta, P., and Lindenberger, U. (2005). Exploring structural dynamics within 

and between sensory and intellectual functioning in old and very old age: lon- 
gitudinal evidence from the Berlin Aging Study. Intelligence 33, 555-587. doi: 

10.1016/j.intell.2005.07.002 
Giambra, L. M., and Quilter, R. E. (1988). Sustained attention in adulthood: a 

unique, large-sample, longitudinal and multicohort analysis using the Mackworth 

Clock-Test. Psychol Aging 3, 75-83. doi: 10.1037/0882-7974.3.1.75 
Handa, R. J., George, M., Gordon, B. H., Campbell, D. B., and Lorens, S. 

A. (1996). Responses to novelty stress in female F344 rats: effects of age 

and d-fenfluramine treatment. Pharmacol. Biochem. Behav. 53, 641-647. doi: 

10.1016/0091-3057(95)02064-0 
Hare, B., and Tomasello, M. (2005). Human-like social skills in dogs? Trends Cogn. 

Sci. 9,439-144. doi: 10.1016/j.tics.2005.07.003 
Hilliard, S. (2003). "Principles of animal learning," in Mine Detection Dogs: Train- 
ing, Operations and Odour, ed. I. G. McLean (Switzerland: Geneva International 

Centre for Humanitarian Demining), 23-42. 
Hommel, B., Li, K., and Li, S. (2004). Visual search across the life span. Dev. Psychol. 

40, 545-558. doi: 10.1037/0012-1649.40.4.545 
Horn, L., Range, F., and Huber, L. (2013). Dogs' attention towards humans depends 

on their relationship, not only on social familiarity. Anim. Cogn. 16, 435-443. doi: 

10.1007/sl0071-012-0584-9 
Jones, A. C, and Gosling, S. D. (2005). Temperament and personality in dogs (Canis 

familiaris): a review and evaluation of past research. Appl. Anim. Behav. Sci. 95, 

1-53. doi: 10.1016/j.applanim.2005.04.008 
Kaulfuss, P., and Mills, D. S. (2008). Neophilia in domestic dogs (Canis familiaris) 

and its implication for studies of dog cognition. Anim. Cogn. 11, 553-556. doi: 

10.1007/sl0071-007-0128-x 
Kraemer, H. C, Yesavage, J. A., Taylor, J. L., and Kupfer, D. (2000). How can we learn 

about developmental processes from cross-sectional studies, or can we? Am. J. 

Psychiatry 157, 163-171. doi: 10.1176/appi.ajp.l57.2.163 
Li, K. Z. H., and Lindenberger, U. (2002). Relations between aging sen- 

sory/sensorimotor and cognitive functions. Neurosci. Biohehav. Rev. 26, 777-783. 

doi: 10.1016/S0149- 7634(02)00073-8 
Li, S.-C, Lindenberger, U., Hommel, B., Aschersleben, G., Prinz, W, and Baltes, 

P. B. (2004). Transformations in the couplings among intellectual abilities and 

constituent cognitive processes across the life span. Psychol. Sci. 15, 155-163. doi: 

10. 1 1 1 l/j.0956-7976.2004.01503003.x 
Lillard, A. S., and Erisir, A. (2011). Old dogs learning new tricks: neuroplasticity 

beyond the juvenile period. Dev. Rev. 31,207-239. doi: 10.1016/j.dr.201 1.07.008 
Lindenberger, U., Marsiske, M., and Baltes, P. B. (2000). Memorizing while walking: 

increase in dual-task costs from young adulthood to old age. Psychol. Aging 15, 

417-436. doi: 10.1037/0882-7974.15.3.417 
Lindsay, S. R., (2001). "Handbook of applied dog behavior and training," in Etiology 

and Assessment of Behavior Problems, Vol. 2, ed. S. R. Lindsay (Ames: Iowa State 

University Press), 304. doi: 10.1002/9780470376997 
Lit, L., Schweitzer, J. B., Iosif, A.-M., and Oberbauer, A. M. (2010). Owner reports 

of attention, activity, and impulsivity in dogs: a replication study. Behav. Brain 

Funct. 6, 1. doi: 10.1186/1744-9081-6-1 
Macphail, E. M. (1987). The comparative psychology of intelligence. Behav. Brain 

Sci. 10, 645-695. doi: 10.1017/S0140525X00054984 
McCrae, R. R., Costa, P. T., Ostendorf, E, Angleitner, A., Hrebickova, M., Avia, M. 

D., etal. (2000). Nature over nurture: temperament, personality, and life span 

development. /. Pers. Soc. Psychol. 78, 173-186. doi: 10.1037/0022-3514.78.1.173 
McDowd, J. M., and Craik, F. I. (1988). Effects of aging and task difficulty on divided 

attention performance. /. Exp. Psychol. Hum. Percept. Perform. 14, 267-280. doi: 

10.1037/0096-1523.14.2.267 
Michael, G. A., Lete, B., and Ducrot, S. (2013). Trajectories of attentional devel- 
opment: an exploration with the master activation map model. Dev. Psychol. 49, 

615-631. doi: 10.1037/a0028410 
Miklosi, A. (2008). Dog Behaviour, Evolution, and Cognition. New York: Oxford 

University Press. 

Miklosi, A., Topal, J., and Csanyi, V. (2004). Comparative social cognition: what can 

dogs teach us? Anim. Behav. 67, 995-1004. doi: 10.1016/j.anbehav.2003. 10.008 
Miklosi, A., Topal, J., and Csanyi, V. (2007). Big thoughts in small brains? Dogs as a 

model for understanding human social cognition. Neuroreport 18, 467-471. doi: 

10.1097/WNR.0b013e3280287aae 
Miller, H. C, Pattison, K. E, Dewall, C. N., Rayb urn -Reeves, R., and Zentall, 

T. R. (2010). Self-control without a "self"?: common self-control processes 



Frontiers in Psychology | Comparative Psychology 



February 2014 | Volume 5 | Article 71 | 12 



Wallis etal 



Lifespan development of attentiveness in domestic dogs 



in humans and dogs. Psychol. Sci. 21, 534-538. doi: 10.1177/09567976103 
64968 

Mongillo, P., Bono, G., Regolin, L., and Marinelli, L. (2010). Selective attention to 

humans in companion dogs, Cams familiaris. Anim. Behav. 80, 1057-1063. doi: 

10.1016/j.anbehav.2010.09.014 
Mozolic, J. L., Long, A. B., Morgan, A. R., Rawley-Payne, M., and Laurienti, P. J. 

(2011). A cognitive training intervention improves modality-specific attention 

in a randomized controlled trial of healthy older adults. Neurobiol. Aging 32, 

655-668. doi: 10.1016/j.neurobiolaging.2009.04.013 
Oaten, M., and Cheng, K. (2006a). Improved Self-Control: The Benefits of a 

Regular Program of Academic Study. Basic Appl. Soc. Psych. 28, 1-16. doi: 

10.1207/sl5324834basp2801_l 
Oaten, M., and Cheng, K. (2006b). Longitudinal gains in self-regulation 

from regular physical exercise. Br. J. Health Psychol 11, 717-733. doi: 

10.1348/135910706X96481 
O'Brien, J. L., Edwards, J. D., Maxfield, N. D., Peronto, C. L., Williams, V. A., 

and Lister, J. J. (2013). Cognitive training and selective attention in the aging 

brain: an electrophysiological study. Clin. Neurophysiol. 124, 2198-2208. doi: 

10.1016/j.clinph.2013.05.012 
Opii, W. O., Joshi, C, Head, E., Milgram, N. W., Muggenburg, B. A., Klein, J. B., 

etal. (2008). Proteomic identification of brain proteins in the canine model of 

human aging following a long-term treatment with antioxidants and a program 

of behavioral enrichment: relevance to Alzheimer's disease. Neurobiol. Aging 29, 

51-70. doi: 10.1016/j.neurobiolaging.2006.09.012 
Passalacqua, C, Marshall-Pescini, S., Barnard, S., Lakatos, G., Valsecchi, P., 

and Prato Previde, E. (2011). Human-directed gazing behaviour in puppies 

and adult dogs, Canis lupus familiaris. Anim. Behav. 82, 1043-1050. doi: 

10.1016/j.anbehav.2011.07.039 
Patronek, G. J., Waters, D. J., and Glickman, L. T. (1997). Comparative longevity of 

pet dogs and humans: implications for gerontology research. /. Gerontol. A Biol. 

Sci. Med. Sci. 52, B171-B178. doi: 10.1093/gerona/52A.3.B171 
Pearce, J. M. (2008). Animal Learning and Cognition: An Introduction, 3rd Edn. New 

York: Psychology Press. 
Pinheiro, J. C, and Bates, D. M. (2000). Mixed-Effects Models in S and S-PLUS. New 

York: Springer, doi: 10.1007/978-1-4419-0318-1 
Presty, S. K., Bachevalier, J., Walker, L. C, Struble, R. G., Price, D. L., 

Mishkin, M., etal. (1987). Age differences in recognition memory of the rhesus 

monkey (Macaca mulatto). Neurobiol. Aging 8, 435-440. doi: 10.1016/0197- 

4580(87)90038-8 

Racca, A., Amadei, E., Ligout, S., Guo, K., Meints, K., and Mills, D. (2010). Discrim- 
ination of human and dog faces and inversion responses in domestic dogs (Canis 
familiaris). Anim. Cogn. 13,525-533. doi: 10.1007/sl0071-009-0303-3 

Range, E, Heucke, S. L., Gruber, C, Konz, A., Huber, L., and Viranyi, Z. (2009a). The 
effect of ostensive cues on dogs' performance in a manipulative social learning 
task. Appl. Anim. Behav. Sci. 120, 170-178. doi: 10.1016/j.applanim.2009.05.012 

Range, E, Horn, L., Bugnyar, T, Gajdon, G. K., and Huber, L. (2009b). Social 
attention in keas, dogs, and human children. Anim. Cogn. 12, 181-192. doi: 
10.1007/sl0071-008-0181-0 

Rapoport, J. L., Ryland, D. H., and Kriete, M. (1992). Drug treatment of canine acral 
lick. An animal model of obsessive-compulsive disorder. Arch. Gen. Psychiatry 
49, 517-521. doi: 10.1001/archpsyc.l992.01820070011002 

Rapp, P. R. (1990). Visual discrimination and reversal learning in the aged 
monkey {Macaca mulatto). Behav. Neurosci. 104, 876-884. doi: 10.1037/0735- 
7044.104.6.876 

R Core Team. (2013). R: A Language and Environment for Statistical Computing. 

Vienna: R Foundation for Statistical Computing. 
Rosado, B., Gonzalez-Martinez, A., Pesini, P., Garcia-Belenguer, S., Palacio, )., Vil- 

legas, A., etal. (2012). Effect of age and severity of cognitive dysfunction on 

spontaneous activity in pet dogs - Part 2: social responsiveness. Yet. J. 194, 

189-195. doi: 10.1016/j.tvjl.2012.03.025 
Rueda, M. R., Rothbart, M. K., McCandliss, B. D., Saccomanno, L., and Posner, 

M. I. (2005). Training, maturation, and genetic influences on the development 

of executive attention. Proc. Natl. Acad. Sci. U.S.A. 102, 14931-14936. doi: 

10.1073/pnas.0506897102 
Salvin, H. E., McGreevy, P. D, Sachdev, P. S., and Valenzuela, M. J. (2011a). 

Growing old gracefully - Behavioral changes associated with "successful aging" 

in the dog, Canis familiaris. J. Vet. Behav. Clin. Appl. Res. 6, 313-320. doi: 

10.1016/j.jveb.2011.04.004 



Salvin, H. E., McGreevy, P. D., Sachdev, P. S., and Valenzuela, M. J. (2011b). The 
canine cognitive dysfunction rating scale (CCDR): a data-driven and ecologically 
relevant assessment tool. Vet. J. 188, 331-336. doi: 10.1016/j.tvjl.2010.05.014 

Schaie, K. W. (2000). The impact of longitudinal studies on understanding devel- 
opment from young adulthood to old age. Int. J. Behav. Dev. 24, 257-266. doi: 
10.1080/01650250050118231 

Schoenbaum, G., Nugent, S., Saddoris, M. P., and Gallagher, M. (2002). Teaching old 
rats new tricks: age-related impairments in olfactory reversal learning. Neurobiol. 
Aging 23, 555-564. doi: 10.1016/S0197-4580(01)00343-8 

Scott, J. P. (1958). Critical periods in the development of social behavior in puppies. 
Psychosom. Med. 20, 42-54. 

Siegal, M., and Barlough, J. E. (1995). UC Davis Book of Dogs. New York: Harper 
Collins. 

Siwak, C, Tapp, P., and Milgram, N. (2001). Effect of age and level of cognitive 
function on spontaneous and exploratory behaviors in the beagle dog. Learn. 
Mem. 8, 317-325. doi: 10.1101/lm.41701 

Smith, S., and Davis, E. (2008). Clicker increases resistance to extinction but does not 
decrease training time of a simple operant task in domestic dogs ( Canis familiaris) . 
Appl. Anim. Behav. Sci. 110, 318-329. doi: 10.1016/j.applanim.2007.04.012 

Snigdha, S., Christie, L.-A., De Rivera, C, Araujo, J. A., Milgram, N. W, and 
Cotman, C. W. (2012). Age and distraction are determinants of performance 
on a novel visual search task in aged Beagle dogs. Age (Dordr.) 34, 67-73. doi: 
10.1007/sll357-011-9219-3 

Soffie, M., Buhot, M. C, and Poucet, B. (1992). Cognitive and noncognitive pro- 
cesses involved in selective object exploration: comparison between young adult 
and old rats. Physiol. Behav. 52, 1029-1035. doi: 10.1016/0031-9384(92)90387-H 

Sohlberg, M. M., and Mateer, C. A. (2001). Improving attention and managing 
attentional problems. Adapting rehabilitation techniques to adults with ADD. 
Ann. N. Y. Acad. Sci. 931, 359-375. doi: 10.1111/j.l749-6632.2001.tb05790.x 

Tang, Y.-Y, and Posner, M. I. (2009). Attention training and attention state training. 
Trends Cogn. Sci. 13,222-227. doi: 10.1016/j.tics.2009.01.009 

Tapp, P. D., Siwak, C. T, Estrada, J., Head, E., Muggenburg, B. A., Cotman, C. 
W., etal. (2003). Size and reversal learning in the beagle dog as a measure of 
executive function and inhibitory control in aging. Learn. Mem. 10, 64-73. doi: 
10.1101/lm.54403 

Thomas, M. S. C, Annaz, D., Ansari, D., Scerif, G., Jarrold, C, and Karmiloff-Smith, 
A. (2009). Using developmental trajectories to understand developmental disor- 
ders. /. Speech Lang. Hear. Res. 52, 336-358. doi: 10.1044/1092-4388(2009/07- 
0144) 

Wallace, J. E., Krauter, E. E., and Campbell, B. A. (1980). Motor and reflexive 

behavior in the aging rat. /. Gerontol. 35, 364-370. doi: 10.1093/geronj/35.3.364 
Washburn, D., and Taglialatela, L. (2006). "Attention as it is manifest across species," 

in Comparative Cognition: Experimental Explorations of Animal Intelligence, eds 

E. A. Wasserman andT. R. Zentall (New York: Oxford University Press), 127-142. 
Wright, H. E, Mills, D. S., and Pollux, P. M. J. (2012). Behavioural and physiological 

correlates of impulsivity in the domestic dog (Canis familiaris). Physiol. Behav. 

105, 676-682. doi: 10.1016/j.physbeh.2011.09.019 
Zeamer, A., Decamp, E., Clark, K., and Schneider, J. (2011). Attention, executive 

functioning and memory in normal aged rhesus monkeys. Behav. Brain Res. 219, 

23-30. doi: 10.1016/j.bbr.2010.12.021 

Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest. 

Received: 23 September 2013; accepted: 18 January 201 4; published online: 07 February 
2014. 

Citation: Wallis LJ, Range F, Muller CA, Serisier S, Huber L and Viranyi Z (2014) 
Lifespan development of attentiveness in domestic dogs: drawing parallels with humans. 
Front. Psychol. 5:71. doi: 10.3389/fpsyg.2014.00071 

This article was submitted to Comparative Psychology, a section of the journal Frontiers 
in Psychology. 

Copyright © 2014 Wallis, Range, Muller, Serisier, Huber and Viranyi. This is an open- 
access article distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms. 



www.f rontiersin .org 



February 2014 | Volume 5 I Article 71 | 13 



